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Section |

1.} Evaluation of the Katakana Syllabary Codes

On the basis of previous research (semiannual progress report for
period 5/1/65 - 10/31/65) four sets of electro-cutaneous stimulus pat-
terns were selected for encoding the Katakana syllabary. Table | pre-
sents the Katakana syllabary, while Tables 2a, b, ¢ and d show the as-
signments of the syllabary characters to the various points available
for stimulation. Figures la, b, c and d illustrate the locations on
the hands which are used in each code. In the Tables, R=right hand,
L=left hand, and the numbers refer to the locations jiven in Figures
la, b c and d. Thus, for code #3, Rl indicates thet the right little
finger-tip is stimulated and this corresponds to the Katakana character
A" (a vowell sound). The code symbols: L5RI mean that the left thumb-
tip and right little finger~tip are stimulated simultaneously and re-
present the syllabary sound "KA''. Finally, and again in Table 2¢
(code 3), the code designation: L12-5 Rl refers to the simultaneous
stimulation of the base of the left palm and thumb-tip, and the tip of
the little finger on the right hand and designates the ''GA'' character.
The other codes are similarly interpreted.

In Figures la, b, ¢ and d, the circled locations indicate the

| T |

points used in each code up to the time of this report. Thus, again
3,

[ad

for code positions RI, R2, R3, R4, R5, L5 and L4 have been used to
date. It is from the information obtained through the use of the points

circled in each figure that the data presented below were computed.
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1.2 Subjects: Eight Japanese Ss were obtained and two were assigned
to each code. Because of the scarc ity of the supply of Japanese Ss, it
was not possible to exercise selectivity to any meaningfull extent.
Consequently both slow and rapid learners were obtained. Jf the pairs
worked with to date, two (used with codes | and 3) have had one rapid
and one slow learner , while the nembers of the third pair (used with
code 4) have been about équal in their performance. Five of the six
Ss employed so far have been females. The one male and his spouse Have
worked on code 3.
1.3 Apparatus: An electro-mechanical system capable of deliverin;
patterns of brief, dc stimuli to palm and fingertip locations has been
used. This apparatus has been described previously (Foulke, 1965),
Briefly, a system of relays, contmlled by an eight-hole tape reader,
or by a manual operation, distributes the ouiput of a dc power supply
to three terminals on a plug board. From the plug board the signals
are distributed to S's stimulating electrodes by means of patch-plugs
prewired for each code. Thus, each code employed in the training ses-
sion was selected by inserting the appropriate patch-plug into the plug-
board.

Each S is furnished clay molds of his or her right and left hands.
Stainless steel electrodes are embedded in the ceramic clay molds. Pas-
sive electrodes are attached to $'s right and ieft arms. A variable
resistance is connected in series with the lead to each active electrode
so that S can adjust the intensity of stimulation at any location ac-
cording to his own preference. In additionamaster potentiometer, con-
nected in series with the return lead, allows simultaneous adjustment

of the intensity at all of the electrodes.
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1.4 Procedure: Training was pursued using a paired-associates tech-
nique. Ss were cued as to what signal was to be sent, then the signal
was sent, and S repeated the symbol represented by the signal. An at-
tempt was made to present the training in -a"‘manner that would reduce -
the likelihood of errors on Ss part. Accordingly, S was first presen-
ted, in serial order, the symbols in the particular column of the Kata-
kana syllabary being used {(see Table | for a designation of the columns
| through 10). S was cued before the presentation of the signal. Fol-
lowing two presentations of the symbols in a column in a cued and conven-
tionally ordered sequence, Ss were sent the same columnar symbols ten
times, but this time the order of presentation was randomly permuted,
add S was cued as before. Following the presentation of the cued, ran-
domly presented signals, S was tested to see how well he had learned to
associate the Katakana characters of the column being worked on with
the electrical stimulation patterns. The test consisted . of the random,
uncued presentation of the five characters in the column for ten times
apiece, while S attempted to identify the signal being sent. Since
there were five characters which were sent ten times, there were fifty
signals sent in one test trial. S was given a number of .trials to reach
a criterion ( thch, because of the ability differences between Ss was
varied for individual Ss) of correct identifications of the signals,

After learning the first column of characters, training as des-
cribed above was given on column two. Following this, Ss were asked

to identify words constructed from the symbols in columns one and two.




Thirty-eight words were constructed and presented, One time through
the list was considered a trial. Again, a number of trials were given
until Ss reached a satisfactory criterion of correct identifications
of the words. Following attainment of the criterion level of perfor-
mance on the words from columns one and two, Ss were trained on col-
umn three. Then they were tested on identifying words constructed of
symbols from columns one, two and three. In this case, there were
fifty words in each trial. ‘Again, it should be mentioned that due to
several factors, it was necessary to set different criterion levels
for different Ss. These factors involved individual differences in
ability, differences in the difficulty of the codes, and morale. The
latter was important because a S was likely to become upset if he
thought that he was not doing as well as his partner. Thus Ss were
at times advanced to the next stage of training along with their
partners (or shortly thereafter) without having reached a similar level
of performance on the preceeding training task.

In evaluating the codes, we have used the first five trials of
the word tests for columns one and two and for columns one, two and
three. Some Ss took longer than five trials to learn their lists and
some never learned them completely. But others had mastered the lists
in five trials, so it is felt that ease in learning the word lists
during the first five trials accurately reflects differences in the
codes .

Confusion matrices have been constructed for each S for the first
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three columns. These matrices allow us to determine the percent cor-
rect identifications of the signals sent, and to examine which stimu-
lation points produced most incorrect identifications, i.e., which
were most confused with others. The results presented below pertain
to codes one, three and four. Code two has not been evaluated yet.
1.5 Results: Figures 2a ~ f present confusion matrices for each S.
Figures 2a and b are for code |; figures 2c and d are for code 3; and
figures 2e and f are for code 4. Directly below each matrix are giv-
en the percent correct identifications of the signals. The column la-
beled "?" means that the S responded with I don't know''. Summing all
the percentages for each matrix and taking the mean gives an indica-
tion of the mean correct identifications for the first three columns
for each S. By adding the latter figures for both Ss on each code,
and dividing by two, the overall mean percent of correct identifica-
tions for that code is obtained. These data are presented for each
code in Figure 3. It is seen that, in general, code 3 produced about
10% more correct identifications than either of codes | or 4.

Figure L presents the combined mean percent correct identifica~
tions of the words constructed from columns | and 2 for both Ss for
each code for each of the first five trials., It is apparent that code
3 is superior to codes | and 4 both in performance on trial | and on
trial 5.

Figure 5 presents the combined mean percent correct identifica~
tions of the words constructed from columns one, two and three for both

Ss for each code for each of the first five trials.

Again it is obvious
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that code 3 is superior, although performance on code | is still im-
proving at trial 5. The results for trial 8 given in figure 5 are for
one S on each of codes one and three. Both Ss were the slow learners.
The figure indicates that both Ss on both codes are doing about equal-
ly well at trial 8, Both were about asymptotic in fact at trial 8.
These results indicate how the performance of the poor learner tended
to attenuate the mean percent correct score. But since‘there was a
fast and slow learner for both codes one and three, while code 4 had
two average learners, the means pictured in the f gures give a good
indication of the performance of an average learner on each code.

By reference to the confusion matrices and to figures la, b and
c it is possible to determine which stimulus locations in each code
produced confusion. With code 1, subject L confused '*I'', ‘U' and "E
in column one, From Table 2a we see that "' = R10, "U' = R11 and
“E'" = R12, all palmar positions. In column two, subject L confused
UK, KU and KE' most frequently. The pcints stimulated for these
symbols are “KI" = R2-10, "'KU'* = R2-1} and “KE' = R2-12. Again palmar
positions are confused. With the third column, subject L confused "SIV
and "SU' wjth 'SE'*, and again these correspond to the palmar locations.
Subject H did poorly on only three sumbols in the first three columns
of code 1. She confused ''1'" with A" (i.e., R10 with Rl), "SE" with
"50" (R3-12 with R3-6), and "KI'" with "KU'" (R2-10 with R2-1). Thus her
greatest trouble was discriminating Ri (right little finger-tip) from
R10 (base of right little finger). The latter discrimination has prov-

ed difficult for most Ss.
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Similar analyses as above, with codes three and four, permit the
general statement of results that palmar locat ions tend to produce
systematic confusion whereas little systematic confusion was found with
fingertip stimulation, as in code three,
1.6 Discussion: On the basis of the results presented above, training
on codes one and four has been discontinued. Our conclusion is that
for the most effective codes, palmar positions must be avoided. We
shall be able to test this conclusion when training on code two ke-
gins. For the first three columns in code two, stimujation is limited
to the fingertips. The stimulus locations are, in fact, idenfical to
those used in code three. We expect to find, therefore, that the
learning curves for code two resemble those for code three. However,
since code two involves more palmar-ioéations than code three does, as
the codes proceed béyond the first three columns of the syllabary, we
expect that code three shall ultimately prove superior to code two.
1.7 Current Status: Ss released from training on codes one and four
are being reassigned to codes three and two. In addition, two new Ss
are beihg given training on code two. It is anticipated that the re-
sults obtained with these two codes will enable us to devise an opti;
~mal code. Attention will then turn toward ascertaining the upper li-
mits of code reception using the Katakana syllabary.
Dr. Robert Gibson, at the University of Pittsburgh, was invited to
visit the project as a consultant. After discussing our electro-cuta-
neous codes with him, it was concluded that a better choice of signals

could have been made. In accordance with his suggestion, we plan to



replace the present dc pulses with 1000 cps sinusoidal signals of ap-
proximately 20 msec. duration, The apparatus required to accomplish

this change is now under construction.
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TABLE la
THE KATAKANA SYLLABARY

5 4 3 2 '
HA (PA) (BA) TA  (DA) sa (zA) KA (6A)
Hl (P1) (Bl) Ti (Dl) Si (Z!) Kl (Gl)
HU (PU) (BU) TU (DU) Su (ZU) KU (GU)
HE (PE) (BE) TE (DE) SE (ZE) KE (GE)

|
\ HO (PO) (BO) 70 (DO) so (zo) X0 (60)
|

10 9 8 7 6

WN WA LA YA MA

LYl M
Uu v Yo M
E LE YE ME
0 LO YO MO

*
Symbois in parentheses are alternate sounds for the symbols in
the column following (reading right to left) the parentheses.

OMC =D



A Rl MA
*1 R10 )
xRl MU
*€  RI2 ME
* R 6 MO
KA R 2-1 YA
KI R 2-10 *|
KU R 2-11 Yu
KE R 2-12 *E
KO R 2-6 Yo
SA R 3-1 LA
Si R 3-10 Lt
SU R 3-11 w
SE R 3-12 LE
SO R 3-6 Lo
TA R k=1 WA
TI R 410 *]
TU R 411 *
TE R 412 *E
T0 R 4-6 *0
NA R 5-1 wN
NI R 5-10 GA
NU R 5-11 Gl
NE R 5-12 GU
NO R 5-6 GE
HA L5R1 G0
HI L5Ri0 < 7A
HU LSR1} *(D1)Z1
HE LSR12 *(DU) ZU

ZE

*Also appears elsewhere

TABLE 2a

ELECTRO-CUTANEOUS COMMUNICATION
KATAKANA SYLLABARY

CODE #1

LA4RT
L4R10
L4R1Y
L4R12
L4R6
L3R}
R10
L3R11
R12
L3R6
L2R]
L2R10
L2R1!
L2R12
L2R6
LIRY
R10
RIY
R12
R6

Lt
L2
L2
Li2
L2
Li2
L2
ti2
Li2

R2~1}
R2-10
R2-11
R2-12
R2-6
R1-3
R3-10

DA
*(Z21)0}
*(Zu)ou

DE

DO

BA

B

BU

BE

BO

PA
Pi
PU
PE
PO

A=

10

2 R4-1
Li2 R4~}
L12 R4
Li2 R4-12
L12  R4-6
L12-5 R}
L12-5 R10
L12-5 RI
L12-5 RI2
L12-5 R6
L6 Rl

L6 R10
L6 Rl
L6 R12
L6 R6

L5

ts

L3

L2



RRARNPARERTALL L,

TA
(cunT
(TSu)Tu

TE

TO

NA

NI

NU

NE

NO

HA

HU-

R1

R2

R3

R4

R5

L5R}
L5R2
L5R3
L5R4
L5R5
L4R?
L4R2
L4R3
LURYL
L4R5
L3R1
L3R2
L3R3
L3R
L3R5
L2R1
L2R2
L2R3
L2RL
L2R5
LIR}
LiR2

LIR3

KATAKANA SYLLABARY

YA
*|
Yu
*E
YO
LA
Li
L
LE
Lo
WA
*|
*y
*E
*0
WN
GA
Gl
U
GE
GO
ZA
#(D1)Z1
*(DU)ZU
ZE
20

*Also appears elsewhere

TABLE 2b
ELECTRO~-CUTANEOUS COMMUNICAT{ON

CODE #2
L6 R1
L6 R2
L6 R3
L6 R4
6 RS
L7 Rl
R2
L7 R3
RL
L7 RS
8 RI
L8 R2
L8 R3
L8 R4
L8 RS
L9 RI
R2
R3
R4
R5
L9
Li2+5 R}
L12-5 R2
L12-5 R3
L12-5 RL
L12-5 RS
Li2-4 R}
Li2-4 R2
Li12-4 R3
RbL
RS

DA
*D i
*(ZU)oU
DE
DO
BA
Bl
By
BE
BO
PA
Pl
PU
PE
PO

- . &

L12-3
Li2-3
L12-3
L12-3
L12-3
Li2-1
Li2-)
Li2-1
Li2-}
Li2-1
L0
Lio
Lo
Lio
Lio

L5
L4
L3
L2

RY
R2
R3
RL
R5
R1
R2
R3
R4
R5
Rl

R3
RY
R5




Ki
KU
KE
KO
SA
Sl
SU
SE
SO
TA
(CH)TI
TU
TE
T0
NA
NI
NU
NE
NO
HA
Hl
HU
HE
HO

R1

R2

R3

R4

R5

LSR1
L5R2
L5R3
L5R4
L5R5
L4RY
L4R2
L4R3
LURL
L4RS
L3R1
L3R2
L3R3
L3R4
L3RS
L2R}
L2R2
L2R3
L2R4L
L2R5
LIR}
LIR2
LIR3
LIRL
LIRS

ELECTRO-CUTANEOUS COMMUNICATION
KATAKANA SYLLABARY

MA
M1
MU
ME
MO
YA
x)
YU
*E
Yo
LA
Ll
L
LE
Lo
WA
*|
*Yy
*E
*0
wN
GA
Gi
GU
GE
GO
ZA
*{DI)Zi
*(DU)zU
ZE
20

*Also appears elsewhere

TABLE 2¢

CODE #3

L4-5
L5
L4-5
L4-5
L4-5
L3-5

L3-5

L2-5
L2-5
L2~5
L2-5
t2-5
Li-5

Li2-5
L12-5
Liz-5
L12-5
Li2-5
Li2-4
Liz-4
Li2-4
Li2-4
Li2-4

R}
R2
R3
R4
R5
R1
R2
R3
Rh4
R5
R1
R2
R3
R4
RS
Rl
R2
R3
R4
R5
R12
R1

R3
RL
R5
R1
RZ
R3-
R4
RS

DA
*(21)D1
*(ZU)ou

DE

Do

BA

Bl

BU

BE

BO

PA
Pl
PU
PE
PO

{
<

Li2-3
Li2-3
L12-3
L12-3
Li2-3
Li2-}
L12-1
L12-1}
Li2-1%
Li2-1

Lio
tio
Lio
Lio
Lio

L4
L3
L2

12

R}
RZ
R3
R4
R5
Rt
R2
R3
R4
R5

R1
R2
R3
R4
R5



TA
(CH1)TI
TU

TE

T0

NA

Nt

NU

NE

NO
HA
HI
HU

HE.

HO

R10
R7

L7

L8
Lio
Ri-10
Ri-7
RIL?
RIL8
RILIO
R2-10
R2-7
R2L7
R2L8
R2L10
R3-10
R3-7
R3L7
R3L8
R3L10
R4-10
Rb4-7
RLL7
R4LS
RhLIO
R5-10
R5-7
R5L7
R5L8
R5L10

ELECTRO~CUTANEOUS COMMUNICATION
KATAKANA SYLLABARY
CODE #4

MA
Ml
W
ME
MO
YA
*|
YU
*E
YO
LA
Ll
L
LE
Lo
WA
*|
|
*
*0
Wil
GA
G
GU
GE
g0
ZA
*(D1)Z1
*{DU)ZU
20

*Also appears elsewhere

TABLE 2d

L

L5-7
15-8
L5-10
L4

L4-7
L8
L4-10
3

L3
L3-7
L3-8
L3-10
L2

L7
L8
L10

L

Li
Li=7
L1-8
L1-10
Li

Li
Li-7
L1-8

R10
R7

R10
R7

R10
R7

R10
R7

Ri-10
RY-7
Rl

Rl

Ri
R2-10
R12-7
R2

R2

DA
*(Z1)D1
oU
DE
Do
BA
Bl
BU
BE
BO
PA
Pl
PU
PE
PO

i
4

Li

Ll
Li-7
L}-8
Li-10
Lt

Ll
Li-7
L1-8
Li-t0

L7
L
Lo

L5
L4
L3
Li

13

R3+10
R3-7
R3

R3

R3
R5-10
R5-7
R5

R5

R5
R6~-10
R6-7
R6

R6

R6
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Figures ta,bye,d

Stimulus locations used for each of the
Katakana codes.
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Figure 2a

Code |
Subject L

RECE IVED

A 1 U E O KA KIi KU KE KO SA SI SU SE
91 4 L 7

15 59 1818
6 8 7421
2 9 3k65

1 109

8 2 5 3
l W 53 W 7 1

4 3 16 60 7
i 1 2 18 68
1 89

'35 4 1
4 25 2 7

83 54 6759998 59 67 76 99 88 63 65 80

SO

38
95




N=100

SENT

N=100

N=20

%
Correct

KO
SA
St
SU
SE
SO

A

78 22

U E 0 KA KI

12 84 3

3

97

97 1

19 79 2

Figure 2b

Code |

Subject H

RECEIVED

KU KE KO SA

78 8 97979593 75 98 96 99 90

78

22

Si

0

SU SE

]

!
18

16
g0 60

SO

20
100



N=10

SENT

~ N=10

%
Correct

KO
SA
St

St
SO

Figure 2c

Code 111
Subject SC

RECE ! VED

A I U E O KA KI KU KE kO SA SI SU SE SO

10
10
10
10
10
30
30
25 5

1 & 25
1 2 1

100 100 100100 W0O00 100 33 83

26

87

10
- 10
10
10
10

100 100 100 100 100




N=80

SENT

N=80

%

Correct

A

75

1

ok

73

91

Figure 2d

Subject MC

U E 0 KA Ki KU KE KO SA

1

76
75
78
66 2
67
62

95 94 98 94 96 89 97

Code {1t

RECEIVED

70
77

100 96

Si

76

95

su

73

91

SE

77

96

SO

79
99




Figure 2e

Code IV
Subject Z

RECEIVED

A I U E O K\ K X6 KE KO SA SI SU SE SO
A 30 '
i 29 i
N=30 U 23 7
E 2 9 18
0 30
g KA 29 1

SA 18 2
N=20 SU 15 1

. so 20
Correct 10093 77 60PD097 90 93 80 97 90 65 95 80 100



Figure 2f

Code |V
Subject §

RECEIVED

A I U E 0 KA KI KU KE KO SA SI SU SE SO

A 30
i 29
N=30 U 2l 6
E 3 27
0 30
g KA 56 4
S { 15 45
N=60 KU 2 45 12 1}
KE 1 1 9 4
X0 1 & 1 54
$A | 17 2 |
si . 3 17
N=20 SU | W 5 1
SE 3 16 1
. o } 2 1 15

Correct 10097 8090KQ,93 75 75 8 90 8 8 70 80 75
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Section {1

2.0 Reaction Time to Electrocutaneous Onset and Offset Stimulation as
a_ Function of Rise and Decay Time.

Recently (1,2) we substantiated a pfevious finding by Woodrow (3)
that the reaction time (RT) to the cessation of an AC electrocuiapeous
stimulus is longer than the RT to the onset of the stimulus., We havé
f&und this relation to hold for intensities ranging from 400-700 /VA
and for frequencfes of 70-500 cps when the current is held constant
for each frequency;

To explain the differences in response latencies to onset-offset
stimuli, we have appealed to the phenoﬁenon of adaptation of nerve and
sense organs, as discussed by Adrian (&), in which there is a rapid in-
crease in the frequency of neural impulses upon stimulation, and then
a gradual decline in the frequency with continued application of the

stimulus. It has in fact been demonstrated (5) that adaptation to AC

stimuli occurs with human subjects and that there is a rapid initial

adaption following the onset of the current, followed by a relatively
slow period of adaptation in which the intensity of the sensation slow-
ly declines, To account for the onset-offset RT differences, we sug~
gested (1) that with the onset of the current there is an ‘initial high
frequency "burst' of impulses which signals the stimulus onset. How~
ever, due to adaptation, the number of impulses decreases rapidiy and
thus the change in neural input at the offset of the stimulus is less
than that produced by the onset, and this difference is indexed by the

increase in response latency following the stimulus offset.
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in the study reported herein, we have tested the foregoing hypothe-
sis by the use of five different rise and decay times: 0.5, 5, 25, 100
and 250 msec. Thus, with the fast rise times we expected to confirm
that onset RT's were faster than offset RT's, while with the longer rise
times, which would_ avoid an initial '"burst" of impulses, it was ex-
pected that there would be no differences between onset and offset RT's,
As indicated below, the latter expectation proved only partially cor-
rect,

Presentation of the stimuli was accomplished by means of a Gray-
son-Stadler model 829D electronic switch which permitted the selection
of the rise and decay times. The electronic switch controlled a 70
cps signal provided by a Hewlett-Packard model 201CR audio oscillaotor
coupled to the switch through a Daven Company, type 7717 attenuator
which permitted one db increment or decrement in the oscillator out-
put. The output of the electronic_switch was coupled to a 75 watt Mc-
Intosh audio amplifier which was matched to S's impedance by a United
type LS-12 transformer. A 200K-ohm resistance was connected in series
with the subject to limit changes in stimulus current due to fluctua-
tions in the subject's resistance., Stimulus current was determined
with a Ballantine model 200E AC voltmeter by measuring the voltage
drop -across a8 100 ohm precision resistor in series with the subject.
Stimulus intensity was adjusted by reference to the voltmeter. Sti-
mulus foreperiods were controlled with a Hunter model 1008 timer con-

nected to the external control circuit of the electronic switch.
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Reaction times were measured with a Hunter Klockounter.

in the onset condition, the stimulus was delivered at the end of
the foreperiqﬂ, and the subject reacted to the appearance of the sig-
nal. In the offset condition, the signal came on at the beginning of

the foreperiod and went of f at the end of the foreperiod..and the

'subject reacted to the cessation of the stimulus, The duration of the

foreperiod was varied randomly within a 2-4 sec., interval to preclude
synchronization of responses by the subject. The latter was seated

in a IAC model L4OO sound deadened booth. The subject’s left hand
rested on a board containing a 3 1/2 inch inactive electrode which
covered the breadth of the hand. The active electrode was a circular
stainless steel disc (5/8 inch in diameter) on which the first pha-
lange of subject's left index finger rested.With his r-ight hand, the
subject held a telegraph key closed. The latter was placed in series
with the Hunter timer and Klockounter such that when the stimulus was
delivered, at the end of the foreperiod, the Klockounter started
counting time, and stopped when the subject released the telegraph key -
which he was instructed to do immediately upon detecting the stimulus.
The RT was then recorded from the Klockounter,

A1l of the five rise and decay times mentioned above were used
with each of five intensity levels. The envelopes of these combina-
tions were checked with a Hewlett-Packard model 120 AR oscilloscope and
found to be linear.” The intensitie§ used varied among subjects, since
it was desirable to cover a full range of intensities from near threshold

to strong, and each subject's threshold was different. The intensities
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for each subject were: EP = 338, 400, 500, 640 and 800}4‘\; WM = 426,
550, 881, "33 /,lA; RH = 340, 400, 520, 700 and SOO/IA. To obtain
these intensities, ascending thresholds were obtained during five prac-
tice hours and stimuli 2, &4, 6, 8 and 10 db above the threshold were
used. Actually, due to changes in sensitivity occurring during the
Io‘experimental days it was necessary to increase the weakest inten-
sity at times gnd so the intensities given are the mean intensities

for the 10 days. However, there was never more than a ZOILLA ad justment
required. The three, male, student subjects received 1000 practice
responses prior to the experiment. During the experiment, four offset
RTé  were obtained for each decay time x intensityAtombination, and

then four onset RTs were taken for the corresponding rise time x inten~
sity com#inat}on. This order was reversed from day to day. Also, the
presentation of stimulus combinations was counterbalanced to preclude
order effects. A total of 40 onset and offset RTs per stimulus combina-
tion were obtafned.

Thé means and standard deviations for all condition; wére compu-
ted for each subject. A plot of the means for each subject is presen-
ted in figureau'rlvg"a')gginst lbg M A/msec, the rate of current increase
or decrease per msec., on the abscissa. Several features of these
curves are noticeable: (1) with low rates of current increase or de-
crease, the offset RTs are faster than the onset RTs, while with the
faster rates of current increment or decrement, the offset RTs are slower
than the onset RTs; (2) for all three subjects, the point at which

the offset RTs switch from being consistently slower than onset RTs,
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to being faster, lies between a rate of current flow of Q—HMA/
msec; (3) there are rapid fluctuations of onset and offset RTs with
rates between 0.5-0.8 log gt A/msec; and (4) the recurrent "*humps"*

in the curves indicate that RT is not solely determined by the rate
at which current is applied, It is also dependent upon the peak cur-
rent de!ive_red. Thus, for sufaject EP, it is seen that the onset and
offset RTs obtained with 2.0 logp A/msec. rate are faster than tho;e
obtained with 2,8 log}l- A/msec. The former rate was c;btained by dif
viding the péak cu'_rreni of 500;&1.\' by the § msec. rise time, giving a
100 p¢ A/msec, rate of current increase. The 2.8 log At A/msec. rate |
was computed by dividing 3384 A by 0.5 msec., which gives a faster
rate but which has a lower peak intensity., Thus there is a degree of
reciprocity between iﬁtens‘ity (peak'u. A) and rise-decay time with res-
pect to RT such that RTs may be reduced by applying a low intensity
stimulus rapidly, or a high inténsity stimulus slowly. However, this
relation disappears with rates below 1044 A/msec., which corresponds
to the point where offset and onset RTs reverse their relative posi-
tions. The offset RT is affected much more than the onset RT by the
peak intensity.

The foregoing offers support for the contention that the differ~
ence between onset and offset RTs cbserved previously (1, 2, 3) may be
attributed to differences in the amount of change in neural activity
following rapid.onsets or offsets of the electric stimulus, With slow

rates of current flow the onset stimulation may be attenuated to the
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extent that the offset RTs become faster than the onset RIs. In fact,
our data show that; with each of the five intensities used, the offset
RTs are longer than the onset RTs with rise-decay times of 25 msec. or
below. With rise times over 25 msec. in duration, there is an interac-
tion between intensity and rise—décay,time such that offset RTs become
faster than onset RTsvand the greater the intensity the sooner does this .
reversal occur, Figureléﬂ;}esents the RTs for subject lﬂ for three in-
tensity levels plotted against the rise-decay times between which the
relative positions of the onset and offset RTs are exchanged. By drop-
ping a perpendicular from the decussation point of the onset-offset
curve for a given'intensity to the abscissa, one can deteimine the rise-
decay time for that intensity which produces equal onset an¢ offset
RYs. This procedure is illustrated in figure 2.2.We have called this
point the ‘decussation time''. Figure%BPresents a plot of decussation
time against intensity on the abscissa for each subject. Thus it is
seen that the decussation time decreases as intensity increases (with
RH showing some deviation). Presumably the decussation time represents
the rate of increase in neural impulse input which produces as discri-
minable a change as that produced by a reduction in input with the ces-
sation of stimulation. |

It is felt that decussation time may prove a useiui}l index in psy-
chophysical and electrophysiological studies involvirg electrocuianeous
stimulation, For instance, If it is assumed that the increase in both

onset and offset RTs, when slow rates of current flow are used, is due
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to an accommodation of rapidly conducting fibers, then it ought to be
possible to demonstrate the onset-offset decussation effect by ische-
mia, which has been shown to produce a decrease in latency and ampli-
tude of the nerve action potentials evoked by stimulation of the ulnar

nerve in man (6).
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